Purpose: This study was conducted to audit prophylactic antibiotic use and to quantify the rate of wound infection. Methods: Across-sectional prospective study was conducted in the Obstetrics and Gynecology Department in Khartoum Teaching Hospital, Sudan during March 1st to 31st October 2010. All Patients (aged >18 years) were included. Results: Overall 725 patients were included. The performed surgical procedures were 751; of these 578 (76.9%) were Caesarean sections. Overall rate of wound infection was 7.8%. The rate of wound infection among patients operated on for caesarean section and abdominal hysterectomy was 8.3%, and 9.2%, respectively. Multivariate logistic analysis showed that body mass index [BMI] ≥ 30 kg/m 2 OR 2.1, 95% CI (1.1 -4.0), (P = 0.019) was the major independent risk factor for occurrence of wound infection. Evaluation of prescriptions' parameters against the stated criteria showed that 113 (15.8%) patients were given antibiotics with adequate spectrum of activity, 611 (85.3%) given sub-dose/s, 83 (11.6%) received the first preoperative dose/s in a proper time window, and 716 (100%) had prophylaxis for extended duration. Overall conformity to the stated criteria for the evaluation of prescription's parameters was not achieved in all prescriptions. Conclusions: In this setting, antibiotics were irrationally used and wound infection rate was high, and the situation calls for multiple interventions to correct the situation, through the activation of the infection control committee in the hospital and development of antimicrobial subcommittee to develop policies for the use and auditing of prophylactic antibiotics.
INTRODUCTION
Surgical site infection (SSI) remains one of the most important problems in infection control. SSIs increase the length of hospital stay and increase cost of care [1, 2] . The obstetric and gynecological procedures at high risk of post operative infection include vaginal and abdominal hysterectomy and Caesarean section [3] . Compared with women delivered vaginally, those delivered by caesarean section at increase risk of infection (2-fold -20-fold) [4] . Infectious morbidity consisting primarily of endometritis and wound infection remain a leading cause of post operative complications [5] .
The principals of surgical prophylaxis have been established over years. Selection of antibiotic for prophylaxis should be based on its activity against anticipated bacteria at the specific surgical site [6] . Properly timed accurate dose of preoperative antibiotics reduces the incidence of SSI [7] . Single dose of antimicrobial with a long enough half-life to achieve activity throughout the operation is adequate [8] . Prolonged use of prophylactic antimicrobials has been associated with the emergence of resistant bacterial strains [9] .
Prophylactic antibiotic reduces the incidence of endometritis, wound infection, post-partum febrile morbidity, and incidence of urinary tract infections following both elective and non-elective Caesarean section [10] . There is evidence that the routine use of prophylactic antibiotics is justified in women undergoing vaginal, abdominal or radical hysterectomy [11] .
The main objectives of this study were to quantify the rate of postoperative wound infection, to identify risk factors for its occurrence, and to audit the use of antibiotics prescribed for surgical prophylaxis.
METHODLOGY
This was a prospective cross-sectional study conducted in the Obstetrics and Gynaecology Department, Khartoum Teaching Hospital, Sudan. All patients, aged > 18 years admitted during March 1st to 31st October 2010 for elective surgery were included. A verbal informed consent from the patient was obtained. Exclusion criteria included: antibiotic use for non-prophylactic purposes 48 hours prior to surgery, a principal diagnosis suggestive of a preoperative infectious disease, a procedure involving the insertion of an implant, a surgical procedure that did not involve incision, patients already recruited in the study that were scheduled for further surgery, patients completed one month follow up, and patients who refused to participate in the study.
Data were collected by trained nurses using a precoded questionnaire that had been developed by the research team; this was tested for applicability among 25 patients. Demographic data were obtained directly from the patients, intra-operative data were collected on an observational basis, and data about postoperatively prescribed antibiotics were extracted from patients' hospital files. The following variables were recorded: sex; age in years; admission, surgery and discharge dates; body mass index; and presence of co-morbidities. The American Society of Anesthesiologists score (ASA score), name of operation, and category of operation, duration of operation in hour, and fixation of surgical drain were also recorded. A section in the questionnaire was designed to collect data on wound infection (occurrence, when detected during admission or after discharge and clinical signs). For the patients who received prophylactic antibiotic/s in the operating room the following parameters were recorded: generic name of antibiotic/s, timing of first preoperative dose in relation to the first incision time, and the first preoperative antibiotic dosage/s. In addition to the duration of prophylaxis, the above mentioned parameters were also registered for patients who were given antibiotics postoperatively.
Wound infection was detected by two methods: Bedside and post-discharge surveillance. Bedside surveillance involved following the patient during hospital admission and started from the day after surgery until the patient was discharged. Post-discharge surveillance was conducted by phoning the patients for up to 4 telephone calls (day 7, 14, 21, 28 of surgery) during a period of one month after discharge. A trained nurse administered to the patient structured questions about the presence of any sign/s of wound infection. Patients who returned to the hospital after reporting any sign/s of wound infection; confirmation of the diagnosis of wound infection was done in collaboration with the unit performed the procedure. For patients who did not return back to the hospital, signs of wound infection were recorded as disclosed by the patient during the interview. Wound infection definition and diagnosis was based on the criteria of the Center of Disease Control (CDC) [12] .
Drug utilization reviews were performed by assessing the prescriptions against the guidelines published by the Scottish Intercollegiate Guidelines Network (SIGN) [13] . These guidelines were considered to be the best, compared with others, regarding levels of evidence and strength of recommendations. Each prescription's parameters were assessed against the following criteria:
• Indications for prophylaxis were considered to be "recommended" if the indication was "highly recommended", "recommended", or "should be considered" using the SIGN guidelines, and "not recommended" if it was not.
• Choice of antibiotic with respect to the spectrum of coverage and the bacteria most likely to be encountered at the specific surgical site: "narrow"-did not cover the anticipated range of bacteria; "adequate"-covered the anticipated bacteria; "broad" or "unnecessary combination"-covered more bacteria than anticipated [6] .
• Time of administration of the first preoperative dose/s: "too early"-if given >1 hour before incision was made; "proper"-if given within 30 -60 min before incision [14] ; "late"-if given between 0 and 29 min before the incision; and "too late"-if given after the incision was made.
• Accuracy of the first preoperative dose/s (based on concentration used for surgical prophylaxis purposes in clinical trials for each antibiotic).
• Duration of prophylaxis: "appropriate"-if given as one preoperative dose and "inappropriate"-if extended postoperatively [13] . If more than one drug were prescribed for a single operation, all the parameters for each drug were evaluated separately. The prescription was considered "concordant" if it satisfied the above mentioned criteria for every drug prescribed. Any divergence from the criteria for any of Copyright © 2014 SciRes.
OPEN ACCESS the antibiotics, the prescription was considered "discordant". For patients who developed a wound infection during admission, only antibiotics prescribed prior to the onset of infection were registered; this was done to differentiate between prophylactic and treatment courses. Percentages and means were used to describe the variables. Analysis aimed to develop a multivariate model to allow prediction of outcome in the presence of potential predictors or covariates (age in year, body mass index Kg/m 2 , co-morbidity, diabetes, and ASA score). Crude logistic regression analyses were performed as initial steps of qualifying covariates to be included in multivariate logistic regression analyses. Covariates with p-values ≤ 0.25 were included to develop an initial reduced model. Multicollinearity among the covariates was assessed using variance inflation factors. Variables that tested insignificant (with p-values > 0.05) were then eliminated from this model and interactions were tested. Each variable was sequentially removed at a time and its significance was tested. Likelihood ratio tests were used to compare models and Hosmer and Leme show test was used to assess goodness of fit of the final model. All statistical tests were conducted by using STATA version 12.
The study was approved by the National Health Research Ethics Committee, National Ministry of Health, Sudan.
RESULTS
Overall 1148 patients were scheduled for surgery, of them 964 (83.9%) were eligible. Patients completed the follow-up period were 725, {87.6% were < 40 years old (n = 635)}. Healthy patients were 634 (87.4%), obese patients were 203(28%), and diabetics were 21(2.9%). Table 1 shows patients and procedures characteristics.
The performed surgical procedures were 751. Multiple surgical interventions through the same incision was done for 26 (3.9%) of the patients. Caesarean sections were 578 (76.9%) and 65 (8.7%) were abdominal hysterectomies. Table 2 showed the distribution of the performed surgical procedures. The rate of postoperative wound infection in all studied procedures was 7.8%. The rate of wound infection among patients operated on for caesarean section and abdominal hysterectomy was 8.3%, and 9.2%, respectively.
Univariate analysis revealed that four variables were significantly associated with the prevalence of wound infection; namely patient's body mass index (P = 0.0069), comorbidity (P = 0.0029), presence of diabetes (P = 0.0037), and ASA score (P = 0.0078). Multivariate logistic analysis showed that body mass index [BMI] ≥ 30 kg/m 2 OR 2.1, 95% CI (1.1 -4.0); (P = 0.019) was the major independent risk factor for occurrence of wound infection. Table 3 shows wound infection risk factors.
Surgical antibiotic prophylaxis was given in the operating rooms for 716 (98.8%) patients. Cefuroxime was Table 4 shows prescribing trends of antibiotics in the postoperative period. Evaluation of prescription parameters against the stated criteria showed that; 113 (15.8%) were given antibiotics with adequate spectrum of activity, 611 (85.3%) were given sub-dose/s, 83 (11.6%) received the first preoperative dose/s in a proper time window and 716 parameters against the predetermined criteria. Overall (100%) had prophylaxis for extended duration (average 8 days). Table 5 shows the evaluation of prescription's 
Duration of prophylaxis:
Single dose 0 0
Extended duration 716 100
Total 716 100 conformity to the stated criteria for the evaluation of prescription's parameters was not achieved in all prescriptions analyzed.
DISCUSSION
Despite the fact that there was an infection control committee at the hospital where the current study was conducted, but there was no established method for wound infection surveillance of inpatients or discharged patients. Telephone call method was selected to detect wound infections following patient discharge from the hospital. The selection of this method was based on the fact that each surgical unit had a different protocol for follow-up visits after discharge; for example, the first follow-up visit for procedures such as caesarean section is typically at 5 weeks after surgery. Thus, it was expected that the telephone call method would provide equal opportunities for follow-up in all patients. Nearly 75% of the recruited patients completed one month follow-up. In contrast, this percentage of patients was low when compared with the result of a survey conducted in Norway where by only 10% of the cohort did not complete the follow up period [15] .
The results of the present study showed that the rate of postoperative wound infection among patients operated on for Caesarean section was 8.3%. This was the same to the rate of wound infection reported by Kaplan et al. [16] (8.1%) in a Jordanian hospital. The rate of wound infection after abdominal hysterectomy was 9.2%; this rate was high when compared to the rate of infection of 2.53% documented in multi-centre surveillance [17] .
The results of the current study revealed that presence of diabetes on univariate analysis and body mass >= 30 (kg/m 2 ) on multivariate logistic analysis were found to be significantly associated with the prevalence of wound infection. In contrast, Schneid-Kofman et al. [18] identified by multivariable logistic regression among other factors associations between obesity and diabetes with early wound infection among Caesarean deliveries. In a prospective multicentre cohort study Wloch C et al. [19] followed the patients for one month and used multivariable analysis, they found that being overweight or obese are the major independent risk factors for infection. This was in agreement with the results of the multivariable logistic regression analysis of the present study.
The results of auditing of prophylactic antibiotic use in the current study showed a great variation in prescribing patterns for the same surgical intervention between different units. Variations in prescribing practices were also reported in an international survey conducted to examine prescribing patterns of antibiotics used for prophylaxis in Caesarean section [20] . The use of broad spectrum and multidrug regimens was common features of the practice in that survey.
Overall; prophylaxis was administered to approximately 99% of the patients in the operating room, this reflects general awareness with the role of prophylaxis in the prevention of postoperative infection. In contrast, Taylor et al. [21] observed that surgical prophylaxis was omitted in 71.1% of hysterectomy cases.
The second generation cephalosporin cefuroxime was prescribed for the majority of the patients as preoperative agent. Cefuroxime in general is less active against staphylococci, which is the most causative agents of postoperative infection in elective surgery, than the first generation cephalosporin [22] and with a little activity against B. Fragilis [23] . The drug administered in a combination with metronidazole for the majority of Caesarean section cases. However, this combination was Copyright © 2014 SciRes.
OPEN ACCESS omitted in the majority of hysterectomy cases where anaerobic bacteria are most frequently encountered.
Proper timing of administration of antibiotics in relation to surgical incision is of utmost importance [6] . Inappropriate timing of the first preoperative dose was an important finding in this study. The majority of patients received this in a time window of 0 -29 min before surgical incision. The optimization of the initial dose of prophylactic antibiotics is important to establish an inhibitory concentration of the drug in the serum and tissues by the time the skin is incised [6] . In contrast, in another study only (11.2%) received antibiotics within I hour before surgical incision, while (41.6%) received them within 2 hours of surgery [24] . Nearly 85.3% of the patients recruited in this study were given a sub-preoperative dose (750 mg of cefuroxime), despite the fact that 28.0% of the patients were obese. Recent published guidelines on antibiotic prophylaxis in gynecologic procedures recommended doubling the antibiotic dose in patients with morbid obesity (BMI > 35 kg/m 2 ) [25] . Generally; the duration of prophylaxis administered for patients recruited in this study was extended beyond the first preoperative dose with an average of eight days regardless the type of surgical intervention. Short-term preoperative antimicrobial prophylaxis in obstetric and gynecological surgery was found to be useful and gives the benefit of minimal toxicity and decrease the risk of antibiotic resistance [26] . Unawareness of healthcare providers with evidence-based guidelines and fear from negative consequences of postoperative infections complications are strong reasons for extending the duration prophylaxis.
The reasons for the high rate of infection documented in this study were attributed to the improper implementation of infection control measures, improper preparation and assessment of patients before operations. The excessive use of broad spectrum antibiotics, administration of antibiotics in sub-dosing, improper timing of first preoperative dose/s of antibiotics may also be responsible factors.
The study had some limitations; some patients may fail to identify minor signs of wound infection during telephone interview. The 30 -60 min time window before surgical incision was considered adequate for all of the prophylactic agents, despite the difference in pharmacokinetics and pharmacodynamics characteristics of the administered antibiotics.
CONCULSION
In conclusion, in this setting, antibiotics were irrationally used with respect to all audited parameters and the rate of wound infection was high and called for multiple interventions to improve adherence to infection control measures, giving infection prevention more attention with allocation of resources, and activation of infection control committee and development of antimicrobial subcommittee to develop policies for the use of antibiotics in surgery.
